The scientific performance of mobile and non-mobile researchers is analysed using publication and citation indicators in a study of more than 11,000 Norwegian university researchers. Two types of mobility are investigated: change of work place during the scientific career and mobility from an academic institution granting the highest degree to another work place for the scientific career. The study shows that mobile researchers tend to have slightly higher publication and citation rates than other researchers, but the results are not unambiguous.
Introduction
During the last decades, policy actions to promote mobility have received much attention. According to the European Commission, "human resources are, to a large extent, the key of research efforts, excellence and performances. The number of researchers and their mobility are two important aspects of this issue" (European Commission, 2003) . An underlying assumption is that mobility may function as a "vehicle" towards the strengthening of the European Research Area (European Commission, 2010) . Various initiatives have been established in order to increase researcher mobility. For example, one of the initiatives of The European Research Area (ERA) is The European Partnership for Researchers (EPR) program where one aim is to enhance mobility between countries, academia and industry (European Commission, 2009 ). Another example is "return grants" that enable researchers in the EU-area to return to their home countries.
Despite the common assumption that mobility-and international mobility in particular-is beneficial and should be stimulated, studies of the effect of mobility in terms of scientific performance have not provided consistent results. Several studies have examined this issue using publications and citations as performance measures. A study of scientists at a Spanish university found that mobile researchers are more productive and cited than other researchers (De Filippo, Casado & Gomez, 2009) . A study on Dutch scientists (van Heeringen & Dijkwel, 1987) showed a fall in productivity shortly after a job change followed by an increase few years later. Moreover, job mobility did not affect the citation level of the researchers analysed. Cruz-Castro & Sanz-Menendez (2010) , on the other hand, found that post-doctoral mobility (national or international) did not contribute to higher publication output. On the contrary, remaining at the institution speeded up the researchers' publication output. Their study questions the assumption that mobility has a positive effect of career advancement. Similarly, an early study by Crowley & Chubin (1976) , found that mobile sociologists had lower productivity than other researchers.
The lack of consistency in the results of previous studies indicates that mobility is a complex phenomenon with uncertain effects on scientific performance. Scientists may change workplace for several reasons that may be professional as well as personal, and there may be a push or a pull or both at the same time. Deviating results may occur in the studies because different types of mobility patterns, research areas and countries were studied with different methods. Moreover, the studies have typically been based on rather small samples, ranging from a few hundred to a thousand.
In this study we attempt to provide further light on how mobility affects scientific performance in terms of productivity and citations rates. In a large-scale study of Norwegian university researchers, involving more than 11,000 researchers across all fields of knowledge, we have investigated two types of mobility. The first is mobility before the scientific career, that is, when a person was educated at another academic institution (for a doctoral degree or higher education) than the present workplace. This type of mobility is related to the issue of inbreed versus noninbreed in the recruitment of scientific personnel. The other type of mobility that we analyse is change of work place during the scientific career. This type of mobility was most often analysed in previous studies.
In our study so far, we have focused on mobility within the Norwegian research system. The final version of this paper will also include data on earlier international mobility of researchers who presently work in Norway.
Two sets of output indicators are calculated for the persons encompassed by the study: number of publications and citation rates. The purpose is to investigate whether persons who have been mobile according to one or both of these mobility criteria have higher productivity and citations rates than other persons. A positive answer to this question would affirm the assumption that the mobility of scientists is beneficial for research performance. In the study we have also analysed whether there are differences between the groups in the proportion of internationally co-authored publications.
Data and methods
For our study of publication output we applied a bibliographic database (The Norwegian Science Index) that has been developed as part of a current research information system for all public research institutions in Norway (Cristin). The database has a complete coverage of all peerreviewed scientific and scholarly publication output, including books, edited volumes and conference series. The publication data are partly imported to the documentation system from professional bibliographic data sources (e.g. ISI Web of Science, Thomson Reuters) in order to facilitate the registration of publications by the employees. A dynamic authority record of controlled scientific and scholarly publication channels ensures that references to non-scientific publications are not entered into the system. The system secures complete, verifiable and structured data for bibliometric analysis. Hence, the database in well suited for making productivity analyses across subject fields, as it is a large scale database and has complete data; i.e. not only journal articles, but also monographs and book chapters.
As basis for this study we selected publication data from the four major Norwegian universities (University of Oslo, University of Bergen, The Norwegian University of Science and Technology in Trondheim and the University of Tromsø) for the four year period [2005] [2006] [2007] [2008] . The four universities represent 72 per cent of the total publication output from Norway's higher education sector. The WoS-data mentioned above for the study of citation rates is limited to the same four universities.
Our study of citation rates and international co-authorship is based on articles indexed in ISI Web of Science as represented in databases that we have purchased from Thomson Reuters (formerly Institute for Scientific Information, ISI). One basic database is the National Citation Report (NCR) for Norway, containing bibliographic information for all Norwegian articles (articles with at least one Norwegian author address). The 2010 edition of NCR, with data covering the period 1981-2009 was used. Data for each paper include all author names, all addresses, article title, journal title, document type, field category, year by year and total citation counts and expected citation rates (based on the journal title, publication year and document type). In addition to the NCR for Norway, the National Science Indicators (NSI) database containing aggregated bibliometric data at country and field/subfield levels was used. This database was applied for the purpose of creating reference standards for the calculation of field normalised citation indicators. Mobility during the scientific career is registered as affiliations to at least two different institutions successively during the time period. Our analysis only includes the current personnel at the four main universities. However, mobility to other higher education institutions or research institutes in Norway is also counted as mobility in our study. Employment at only one and the same institution during part of or the whole period indicates no mobility. Since our database only contains data for every second year, short-term mobility is not registered as mobility in our study.
The educational background of each scientist was compared to the present work place. If the academic institution that had granted the scientist's doctoral degree (or master degree if no doctoral degree was yet attained) was different from the present workplace (in 2008), this was registered as mobility before the scientific career.
The analysis of publication output includes 11,465 persons who had at least one publication indexed in the Norwegian Science Index during the period 2005-2008 and who we were able to identify in the Research Personnel Register. In total these persons had contributed to 59,868 publications, constituting 33,902 unique publications (many publications are authored by more than one person included in the study). As mentioned, only peer reviewed publications in scientific and scholarly journals, series or books are included. Publication output is measured as article equivalents per person. In this calculation, co-authored publications are fractionalised among the authors and monographs are weighted as equal to 5 articles (in journals or books) in order to make the research efforts behind publications comparable. The weighting of books is based on Kyvik's summary of such weighting procedures from other studies, which shows that most studies equate 4-6 articles to one full monograph (Kyvik, 1991) .
The persons were assigned to four broad fields (natural sciences (including mathematics), engineering, medicine/health sciences, social sciences and humanities) and to disciplines. The basis for this classification is data on the educational background of each person in the Research Personnel Register.
As citation counts are only available for the WoS-indexed publications, we have restricted the study to these publications. In total, 8,367 persons had published at least one WoS-indexed article during the period, comprising the personnel who have been included in the study of citation rates. In other words, we find a significant number of persons without such publications. The large majority of these persons are researchers within the social sciences and the humanities where the WoS coverage of the research literature is poor. The study is based on 37,698 articles constituting 17,239 unique articles (many articles are authored by more than one person included in the study). The articles have the following domain distribution: Life Sciences (31%), Clinical Medicine (22%), Physical, Chemical and Earth Sciences (20%), Agriculture, Biology and Environmental Sciences (10%), Engineering, Computing and Technology (8%), Social and Behavioral Sciences (7%), Art and Humanities (1%) (based on Thomson Reuters' Current Contents classification of the articles).
It is the individual articles and their citation counts that represent the basis for the citation indicators. In the citation indicators, we used accumulated citation counts after up to five years after publication and calculated an overall (total) indicator for the whole period. This means that for the articles published in 2005, citations are counted over a 5-year period while for the articles published in 2006, citations are counted over a 4-year period (or more precisely a 3-4 year period: the year of publication, 2007, 2008 and 2009) . The period for which citations are taken into account accordingly varies from 2 to 5 years depending on publication year. This is a sufficiently long observation period for measuring scientific impact reliably, considering that our study is a macro analysis (based on more than 37,000 publications and 300,000 citations received by these publications). The only exception would probably be the humanities, where the number of citations per paper is very low and citations accumulate slowly. In order to get a complete picture, we have nevertheless included the humanities in the overall figures (the field only accounts for 3% of the persons included in the citation analysis), but not shown separate figures for the humanities.
The average citation rate varies widely between the different scientific disciplines. As a response, various reference standards and normalisation procedures have been developed. The most common are the average citation rates of the journal or field in which the particular papers have been published.
In this study, the citation counts are matched to the mean citation rate per publication of the particular fields/subfields to which the papers are assigned (using Thomson Reuter's journalbased field delineations). In the classification system some journals are assigned to more than one subfield. In order to handle this problem we used the average citation rates of the respective subfields as basis for the calculations for the multiple assigned journals. The indicator is subsequently calculated as the ratio of the citation rate of the articles to the average subfield citation rates. For example, an index value of 150 would mean that the articles are cited 50 per cent more frequently than the average. The method adopted here is commonly applied in similar bibliometric performance analyses (see for example, van Raan, 1996) . We have calculated citation indexes for each article separately and this is the basis for the average normalised citation score (cf. Lundberg, 2007) . The indicator is based on "whole counting" of publications, i.e. with no fractional attribution of credit (all authors get full credit). This is the counting method that is most commonly applied in citation studies.
The unit for the analyses is the individual persons. This means that an average citation index has been calculated for each person (a mean for all publications to which they have contributed), and based on these measures, we have calculated new averages for the different categories the persons are affiliated with in our cross-sectional analysis (see below). This has been done in order to avoid that the analyses would be biased towards highly productive persons and fields. In other words, all persons count equally as one unit in the analysis regardless of how many publications they have published.
We analysed the data at an overall level and in terms of the age, gender, and academic positions of the persons included. Multivariate regression analysis was performed in order to investigate whether bivariate associations remained significant after controlling for potentially confounding variables (age, academic position and productivity must be expected to be quite dependent upon each other).
Results
The distribution of the population on types of mobility and major fields is given in Table 1 . Overall, 35 per cent of the persons were mobile before their scientific career by being educated at a different institution. The proportion is highest for the natural sciences (41 %), which can be explained by the fact that there are relatively more persons with education from foreign institutions in this field than in the other fields. These numbers indicate that the level of "inbreed" in the Norwegian research system is an important issue, since two out of three persons are working at the same institution as where they got their highest degree.
When it comes to mobility during scientific career, 23 per cent of the persons have been working at two or more different Norwegian institutions during their career. Here, the proportion is highest for the social sciences (33 %) and lowest for medicine (18 %). In other words, immobility is the normal case. Career mobility is even less common than mobility before the career starts. 
Scientific productivity
We will first turn to the results concerning scientific productivity in terms of publications. In this analysis, more than 11,000 university researchers are studied on the basis of complete records of scholarly publishing in the Norwegian Science Index during [2005] [2006] [2007] [2008] . Humanities and social sciences are just as well covered as the other main fields. Overall, mobile persons tend to be more productive than other persons. However, this difference is much larger for persons with mobility during their scientific career than for those with mobility before their career. For the latter group the difference is only marginal. Mobile persons have a productivity of 1.99 article equivalents compared to 1.95 for the other persons, while the figures for work career mobility is 2.42 and 1.83, respectively. Table 2 shows the average number of publications per person by field of research and type of mobility. First, it should be noted that there are large differences in the average productivity among the fields. This has been investigated in a previous study based on the same dataset (Aksnes, Rørstad, Sivertsen & Piro, 2010) . Persons who have been mobile during their scientific career have a higher productivity in all the different fields. The figures for mobility before career show a more mixed picture with only slight overall differences. Previous studies have shown that the productivity of publications at individual levels tends to increase within the hierarchy of academic positions (Aksnes, Rorstad, Piro & Sivertsen, 2011; Bordons, Morillo, Fernandez & Gomez, 2003; Kyvik, 1991) , where professors are the most prolific personnel. It is therefore relevant to analyse how the productivity rates vary within the categories of academic positions. This is shown in Table 3 . The professors, postdocs, and PhDstudents who have been mobile during their work career have a higher productivity than their other fellows. When it comes to educational institution versus workplace, only the mobile professors have higher productivity. In both types of mobility, professors that were mobile are the most productive group. We also analysed how the publication patterns varied with age and gender. The individuals were classified into age groups according to their age in 2007. The results are given in Table 4 . We find large gender differences in all age groups. Female scientists tend to publish generally between 20-40 per cent fewer publications than their male colleagues (cf. our previous study Aksnes & al., 2011) . The productivity of both men and women is increasing by age, reaching a peak and declining thereafter. It is difficult to identify any systematic differences for mobility before career. On the other hand, in most of the categories, persons who have been mobile during their scientific career have higher productivity than the other persons. Sources: Cristin, the Norwegian Research Personnel Register, N=11371. Statistically significant differences: Mann-Whitney.*) p = < 0.05, **) p = < 0.01.
Citation rates
We then turn to analyses of citation rates. Our data is now limited to the citation rates of the WoS publications of 8,367 researchers. Overall, the publications of mobile persons tend to be more cited than the publications of other persons. Here, the difference is larger for persons with mobility before their scientific career than for persons with mobility during the scientific career. For the latter group the difference is only marginal. Work career mobile persons obtain a citation index of 114 compared to 112 for the other persons, while the figures for educational to work mobility is 117 and 109, respectively. Table 5 shows the average citation index by field and mobility groups. As can be seen, all persons who are working at a different institution than they were educated have a higher citation index than the other persons. When it comes to work career mobility, the mobile persons have a higher citation index than the other persons in all except one major field, the social sciences. Sources: NCR, the Norwegian Research Personnel Register, N=8367. Statistically significant differences: Mann-Whitney.*) p = < 0.05, **) p = < 0.01.
When comparing citation rates at the level of academic positions, we find that mobile professors obtain higher citation rates than non-mobile professors, while the pattern is inverse for the associate professors, cf. Table 6 . For the other categories the picture is mixed. The results of an analysis of possible differences related to age and gender is given in Table 7 . Here, it is difficult to identify any systematic patters for the two types for mobility. Mobile persons may have both higher and lower citation rates than those who stay at the same institution. Sources: NCR, the Norwegian Research Personnel Register, N=8361. Statistically significant differences: Mann-Whitney.*) p = < 0.05, **) p = < 0.01.
International collaboration
We have also analysed whether any differences can be identified between the mobility groups in terms of rate of international collaboration measured through co-authorship. Here, we find that persons who are working at another institution than where they were educated, collaborated more internationally than other persons. This holds for all fields, cf. Table 8 . This can probably be explained by the fact that persons with foreign education are included in this group and these persons may have more extensive international networks.
There are fewer differences when it comes to work career mobility. Interestingly, an opposite pattern can be found here. Persons who have been mobile tend to collaborate less internationally than other persons. It should be recalled that this analysis is based on domestic mobility and not international mobility. Therefore, the explanatory factor introduced above (i.e. international networks), is not relevant here. 
Regression analysis
Our analyses so far have been based on cross-tabulations, comparing mean values between variables, without adjustment for other possible confounding factors. Since publication and citation measures are strongly dependant on various characteristics of each individual researcher, including which scientific field the researcher belongs to, we wanted to test whether the mobility variables were still significantly associated with publication and citation measures, after taking these variables into account. We therefore performed multivariate regression analyses (OLS) where the association between mobility (before and during career) and publication/citation measures were adjusted for gender, age, academic position and scientific field. Table 9 demonstrates the results for all variables simultaneously. Most notably, in a multivariate analysis, none of the mobility variables are associated with citation rates. In addition, we find that mobility before career is negatively associated with the publication measure, while this is the opposite for mobility during career. Gender, age, academic position and scientific fields, do all significantly associate with fractionalization article equivalents, and except for gender; also with citation rate. In Table 10 above, we show regression estimates for educational mobility on publication and citation measures for each scientific field and each academic position, after adjustment for other explanatory variables (estimates not shown). The main conclusion is that after adjustment for other key variables, it is difficult to find significant associations between mobility and scientific output. The only remaining significant associations were between educational mobility and social sciences (mobility negatively associated) and associate professors, postdocs and PhD students (all negatively associated) when we looked at fractional article equivalents, i.e. those who are working elsewhere than where they got their final academic degree are less productive than those working at the same institution. When we studied the citation index, educational mobility was positively associated in both natural sciences and for postdocs, i.e. those who worked elsewhere than where they got their highest academic degree tended to be more cited in these two groups
The work mobility variable was significantly and positively associated with two groups: medicine and PhD students when we looked at fractionalized article equivalents, but no significant associations were found for the citation index.
The main picture is that it is difficult to establish that mobility has an independent effect on publications or citations after adjustment for gender, age and academic position/scientific field. We acknowledge that these initial regression models are subject to model misspecifications because of the skewed distribution of the publication indicators, resulting in weak model summary power. More sophisticated regression techniques are thus required.
Discussion and conclusions
Our study has shown that majority of the Norwegian researchers analysed remain at the same institution as they were educated and do not move during their career. This is an interesting observation of the dynamic of the Norwegian research system. According to the common assumption that mobility is beneficial, the lack of mobility may be seen as a reason for concern. Nevertheless, as shown above, previous studies have not provided consistent results on the relation between mobility and scientific performance if measured bibliometrically.
Compared to previous studies, an advantage of our study is the large sample analysed. We have found that mobile researchers tend to have slightly higher publication and citation rates than other researchers, but the results have not been unambiguous, and regression analyses where demographic characteristics of the researchers were accounted for removed most of the independent effect that mobility may have on publication and citation measures. Thus, the publication and citation indicators have not provided strong arguments that mobility is beneficial for research performance. But of course, mobility may have advantages both for the individuals and for the research system that is not reflected in publication indicators.
Today, science increasingly involves collaboration across national borders, particularly within the natural sciences, engineering and medicine. For example, 16% of the Norwegian Web of Science indexed articles involved international co-authorship in 1981. This proportion has increased steadily, rising to above 50% in recent years (Aksnes, Frølich & Slipersaeter, 2008) . Thus, an important structural change in the science system has taken place during this period. Several factors explain the increasing internationalisation of science, for example, increased travel, new technology (the Internet, email) and organised political efforts within the area of research policy. Under these circumstances, mobility may not be as important as before, as collaboration across institutional and national borders is much easier and may contribute to similar beneficial effects as mobility.
Our study involves cross-sectional data. We have analysed mobility over a 20-year period and the researchers' publication output and citation rates at a fixed time period later in their career. We do not have time series data to analyse the effect of mobility on productivity and citation rates longitudinally. A cross-sectional methodology is generally regarded to have more weaknesses than a longitudinal methodology (Allison & Stewart, 1974; Stephan, 1996) . As mentioned in the introduction, mobility is a complex phenomenon and researchers may change workplace for several reasons. Therefore, a longitudinal study could provide a broader basis for the understanding the effects of mobility.
